Background: Proliferative scars are benign fibrotic proliferations which demonstrate abnormal wound healing in response to skin injuries. As postulated in the "response to injury hypothesis", atherosclerosis is also triggered by an endothelial injury. Keloid and atherosclerotic processes have many pathophysiological and cytological features in common. Aims: In this study, we investigated the relationship between proliferative scars and endothelial function in surgically revascularized patients. We aimed to test the hypothesis that atherosclerosis is a wound healing abnormality. Study Design: Cross-sectional study. Methods: Consecutive patients who were admitted to the cardiology outpatient clinic with a history of coronary artery bypass grafting operation were evaluated. Thirty-three patients with proliferative scars at the median sternotomy site formed the keloid group, and 36 age-and sex-matched patients with no proliferative scar at the median sternotomy site formed the control group. Endothelial function was evaluated by flowmediated vasodilatation of the brachial artery via ultrasonograhic examination. Results: There is no signicant difference according to the demographic data, biochemical parameters, clinical parameters and number of grafts between keloid and control groups. Endothelial-dependent vasodilatory response was lower in the keloid group than the control group (9.30±3.5 and 18.68±8.2, respectively; p=0.001).
Atherosclerosis is a chronic pathophysiological process consisting of complex molecular mechanisms and inflammatory pathways (1) (2) (3) . Atherosclerosis is the major cause of cardiovascular diseases such as myocardial infarction, stroke, and peripheral vascular disease, all of which are highly prevalent in the western world (4, 5) . Understandably, the commanding importance of atherosclerosis has stimulated enormous efforts to discover its cause, and a number of hypotheses for its pathogenesis have been proposed. Although various theories are present, the one receiving greatest attention is the response-to-injury hypothesis (RTIH). Chronic or repeated endothelial injury is the keystone of the RTIH. Experiments in animal models have demonstrated increased cell turnover rates in lesion-prone regions in the arterial tree (6, 7) . Repetitious endothelial injury stimulates the healing process, which might constitute the atherosclerotic core (8) .
Keloid and hypertrophic scars are two types of proliferative scars that enlarge beyond the wound margins at the sites of cutaneous injury (Figure 1 ) (9) . The pathogenesis of proliferative scars is not clear. They demonstrate abnormal woundhealing responses in susceptible individuals (10) . Both atherosclerosis and proliferative scars have cytologically and pathophysiologically common features. Response to an injury pulls the trigger; fibroblasts, macrophages/monocytes, endothelial cells, and chronic inflammatory processes contribute to the development of both proliferative scars and atherosclerosis (11, 12) .
In this study, we aimed to investigate the relationship between proliferative scars and endothelial function in surgically revascularized patients to test the hypothesis that atherosclerosis is a wound healing abnormality.
MATERIALS AND METHODS

Study population
In this observational cross-sectional study, consecutive patients who were admitted to the cardiology outpatient clinic with a history of coronary artery bypass grefting (CABG) operation between January 2011 and May 2013 were evaluated. Patients with incision scars other than median sternotomy, with known wound healing abnormalities, operated upon within a year, using corticosteroids or immunosuppressive drugs for longer than 1 month, previously treated for proliferative scars were excluded. Thirty-three patients with proliferative scars at the median sternotomy site formed the keloid group, and 36 age-and sex-matched patients with no proliferative scar at the median sternotomy site formed the control group. All patients were informed about the study and written informed consent was obtained. The local ethics committee approved the study.
Study protocol
Clinical and demographic features of keloid and control groups were obtained. Venous blood samples for biochemical analyses were drawn from all subjects after an overnight fasting. Triglyceride (TG), total cholesterol, low density lipoprotein (LDL), high density lipoprotein (HDL), blood urea nitrogen (BUN), creatinine, fasting plasma glucose level were analyzed. Endothelial functions of all subjects were assessed by endothelial-dependent vasodilatory response (EDVR) via brachial artery.
Endothelial function assesment
Subjects were evaluated after an overnight fasting, without smoking, drinking alcohol/coffee, taking vasoactive drugs or taking antioxidant vitamins 12 hours prior to testing. All measurements were taken by experienced physicians who were blinded to the subjects' group. Subjects were examined in the supine position after 15 minutes in a dark and quiet room with a temperature of 20-25°C. Endothelium-dependent dilation of the brachial artery was measured noninvasively using a 4-12 MHz linear array transducer high resolution ultrasound system (Vivid-e; General Electric, North Grandview Waukesha, USA). The left arm was immobilized in the extended position to allow consistent access to the brachial artery for imaging. Baseline brachial artery diameter (BAD) was recorded twice at intervals of 1 minute. Following baseline establishment, a blood pressure cuff was placed over the ipsilateral upper arm just above the transducer and inflated for 5 minutes at 50 mmHg greater than systolic blood pressure. The cuff was then suddenly deflated and blood flow velocity was measured immediately after deflation of the cuff (hyperemic blood flow) as well as 60, 75, 90 and 120 seconds later. Maximal brachial artery diameter observed during this time period was used to calculate flow mediated dilatation (FMD). Endothelial dependent vasodilatory response (EDVR) was calculated as follows: EDVR = [(FMD-BAD)/BAD] x 100 (13).
Statistical analysis
Statistical analyses were conducted using a commercially available software package (SPSS version 16.0; IBM, Chichago, USA). In this study, data are expressed as mean±SD for continuous variables and as counts and percentage for categorical variables. Student`s t-test was used for the comparison of continuous variables, while the Chi-square and Fisher's exact tests were used for comparison of categorical variables. Table 2 .
DISCUSSION
In this study we demonstrated that endothelial dysfunction was significantly more prominent in keloid group. This might support the idea that atherosclerosis is a wound healing abnormality.
Wound healing is a complex but systematic process which involves stages that have been well-described previously, namely: 1-induction of an acute inflammatory response by the initial injury, 2-parenchymal cell regeneration, 3-migration and proliferation of both parenchymal and connective tissue cells, 4-synthesis of extracellular matrix (ECM) protein, 5-remodeling of parenchymal elements to restore tissue function, and 6-remodeling of connective tissue to achieve wound strength (14) . Actually, the injury which pulls the trigger initiates the stepwise response to this injury. In wound healing, normal cell growth and fibrosis may be altered by a variety of influences, frequently reducing the quality and adequacy of the reparative process.
Keloids are common fibroproliferative lesions characterized by exuberant extracellular matrix deposition. Fibroblasts derived from keloid scars express excessive amounts of vascular endothelial growth factor (VEGF), tissue growth factor beta (TGF-β), platelet derived growth factor alfa (PDGF-α) receptors and produce excessive amounts of type 1 procollagen (15) . Especially, TGF-β is a potent profibrotic factor, which strongly induces collagen synthesis, and plays a pivotal role in keloid pathogenesis (16, 17) . Wang et al. (18) demonstrated that cells derived from abnormal cutaneous scar tissue produce more TGF-β than normal skin cells.
In the previous studies, keloid was found to be associated with cardiovascular diseases. Dustan et al. (19) hypothesized that keloid formation may be associated with an increased risk of hypertension and vascular disease among the black population. Moreover, Ozdol et al. (20) investigated the percutaneously revascularized patients and suggested that patients with proliferative scars may have a higher risk of in-stent restenosis. In a similar study, Johnsen et al. (21) found that carotid total plaque area, which is a stronger predictor of coronary events than intima media thickness, was significantly higher in keloid patients (22) .
It is well known that atherosclerosis is a chronic inflammatory process occurring within the arterial wall at the atherosclerotic plaque site (23) (24) (25) . Atherosclerosis shares similar components with proliferative scars (26, 27 (28) . It has been shown in previous studies that adventitial fibroblasts play a significant role in inflammation of the arterial wall and pathogenesis of atherosclerosis (29, 30) . Lan et al. (31) showed that TGF-β plays a critical role in extracellular matrix accumulation and vascular remodeling that is linked with many pathological progresses, including atherosclerosis. Dol-Gleizes et al. (32) postulated that fibroblast growth factors have an important role in the development of vascular diseases like atherosclerosis and graft arteriosclerosis. Furthermore, Sánchez-Escuredo et al. (33) found that VEGF was one of the markers of carotid atherosclerosis in renal transplant patients.
Although keloid and atherosclerosis have many points in common, there are only some data about their relation. Endothelial dysfunction is a well-known marker of atherosclerosis. Moreover, it has already been shown that EDVR was reduced in patients with coronary artery disease and that such reduction in EDVR was related to the extent of disease. Therefore, EDVR at the brachial artery is likely to represent a reliable indicator of atherosclerotic burden (34) .
There is hardly any literature available investigating the relationship between keloid and endothelial function in surgically revascularized patients. In the present study, we showed that EDVR was significantly lower in the keloid group than the control group. As discussed before, more prominent endothelial dysfunction means more prominent atherosclerosis. In the light of the data, we might state that atherosclerosis is a wound healing abnormality. Since atherosclerosis grows more aggressively in the keloid group, we could also state that patients with proliferative scars after coronary artery bypass grafting operations might need further surgical or percutaneous revascularization interventions in the future than patients who do not have these scars.
In conclusion, in the present study, we concluded that endothelial dysfunction was more prominent in proliferative scar patients. If we focus on the close relationship between proliferative scars and atherosclerotic processes we might hypothesize that athersoclerosis is a wound healing abnormality. Furthermore, patients with proliferative scars might need additional revascularization interventions in the future. Of course further studies with larger cohorts of patients are needed to confirm these data. 
